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FIG. 3 (PRIOR ART) 
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FIG. 4 (PRIOR ART) 
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LOAD BALANCING METHOD AND 
APPARATUS IN SYMMETRIC 
MULT-PROCESSOR SYSTEM 

CROSS-REFERENCE TO RELATED PATENT 
APPLICATION 

0001. This application claims the benefit of Korean Patent 
Application No. 10-2007-0069353, filed on Jul. 10, 2007, in 
the Korean Intellectual Property Office, the disclosure of 
which is incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a load balancing 
method and apparatus in a symmetric multi-processor sys 
tem, and more particularly, to a method and apparatus, in 
which an operating system migrates tasks from a current 
processor to another processor for load balancing in a sym 
metric multi-processor system. 
0004 2. Description of the Related Art 
0005. In processor architecture, a plurality of processors 
are loaded on one chip, and thus a plurality of tasks can be 
simultaneously performed. However, performance of a sys 
tem cannot be proportionally improved by increasing the 
number of processors due to load imbalance, where tasks are 
not equally distributed and performed in all processors but 
instead, more tasks are assigned to a predetermined proces 
sor. Accordingly in order to solve such a problem, load bal 
ancing is required, where the balance of tasks assigned to 
each processor is adjusted by migrating tasks from a proces 
Sor having a heavy load to another processor having a rela 
tively light load. 
0006 FIG. 1 is a diagram illustrating a load balancing 
apparatus in a conventional symmetric multi-processor sys 
tem, where two central processing units (CPUs) 110 and 120 
are illustrated for convenience. The CPUs respectively 
include run queues 111 and 121, where tasks to be performed 
are stored. In FIG. 1, load balancing processes are achieved 
by a migration process 130, where tasks from the run queue 
111 of the CPU 110, which has a heavy load with 5 tasks, to 
the run queue 121 of the CPU 120, which has a relatively light 
load with 2 tasks. In the migration process 130, a lock of the 
run queue 111, in which a current task is stored, is acquired 
first, and then a lock of the run queue 121, where the current 
task is to be migrated, is acquired. Here, a lock denotes an 
exclusive authority that disables a process from using a queue 
when another process is using the queue. 
0007. The reason for acquiring the locks and migrating the 
tasks in the run queues 111 and 121 is that integrity of the run 
queues 111 and 121 may be broken while adding or deleting 
a taskin the run queues 111 and 121 while migrating the tasks, 
unless the locks of the run queues 111 and 121 are not 
acquired. When the integrity of the run queues 111 and 121 is 
broken, a certain task may be excluded from the run queues 
111 and 121, and not be scheduled permanently. Also, the 
structure of the run queues 111 and 121 can be corrupted, and 
thus an operating system may crash. Such run queues 111 and 
121 are objects having a mutual exclusion characteristic, 
where simultaneous use of one resource by a plurality of tasks 
is excluded, such as mutexes (mutual exclusion objects) or 
semaphores. In a mutex, a resource which can only be used by 
one task is expressed as a critical section. Accordingly, after 
migrating a task, the locks of the run queues 111 and 121 
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should be released so that other tasks can use the run queues 
111 and 121. Acquiring and releasing a lock are performed as 
a pair, because when a lock for a certain task is not released 
after acquiring the lock, other tasks should wait endlessly. By 
simultaneously acquiring the locks of the run queues 111 and 
121, the time taken to perform tasks is delayed, and as a result, 
performance of the operating system deteriorates. 
0008 FIG. 2 is a flowchart illustrating a load balancing 
method in a conventional symmetric multi-processor System. 
First, it is determined whether a load imbalance occurred in 
operation 201. If the load imbalance has occurred, a first CPU 
in which the load imbalance occurred, a second CPU, and a 
task that is to be migrated are selected in operation 202. An 
attempt is made to acquire a lock of a run queue of the first 
CPU in operation 203, and if the lock of the run queue of the 
first CPU is not acquired, the symmetric multi-processor 
system waits until it is acquired. If the lock of the run queue 
of the first CPU is acquired, operation 204 is performed. 
Similar to operation 203, an attempt is made to acquire a lock 
of a run queue of the second CPU in operation 204. If the 
locks of the run queues of the first and second CPUs are 
acquired, the task is migrated from the run queue of the first 
CPU to the run queue of the second CPU in operation 205. In 
operations 206 and 207, the locks of the run queues of the first 
and second CPUs are released. 

0009 FIG. 3 is a flowchart illustrating a method of sched 
uling load balancing in a conventional symmetric multi-pro 
cessor System. In operation 301, a scheduler tries to acquire a 
lock of a run queue of a second CPU, and if the lock is not 
acquired, the scheduler waits until it is acquired. If the lock is 
acquired, a task to be performed next is selected according to 
a scheduling policy in operation 302. In operation 303, the 
lock of the run queue of the second CPU is released, and in 
operation 304, context Switching, which involves Switching a 
task that is currently being performed to the selected task, is 
performed. 
0010. The load balancing method in the conventional sym 
metric multi-processor system has been described with ref 
erence to FIGS. 2 and 3. Now, problems of the load balancing 
method will be described with reference to FIG. 4. 
0011 FIG. 4 is a diagram illustrating a sequence of per 
forming tasks according to time while migrating the tasks in 
a conventional symmetric multi-processor system, and shows 
a scheduling delay due to a lock, as described above. Refer 
ring to FIG.4, it is assumed that a task 410, a task 420, and a 
task 430 are respectively assigned to a CPU 1, a CPU 2, and 
a CPU 3, wherein a load of the task 430 is the lightest. When 
load imbalance occurs as assumed above, a scheduler deter 
mines to migrate the task 410 from the CPU 1 to the CPU 3. 
First, a lock of a run queue of the CPU 1, in which the task 410 
is stored, is acquired, and then a lock of a run queue of the 
CPU 3, where the task 410 is to be migrated to, is acquired. At 
this time, the scheduler determines to migrate the task 420 
from the CPU 2 to the CPU 3. Thus similarly, a lock of a run 
queue of the CPU 2, in which the task 420 is stored, is 
acquired, and then the lock of the run queue of the CPU 3, 
where the task 420 is to be migrated to, is acquired. However, 
the lock of the run queue of the CPU 3 has already been 
acquired by the task 410, at the time the task 420 requests to 
acquire the lock of the run queue of the CPU 3. Accordingly, 
the task 420 should wait in operation 440 until the lock of the 
run queue of the CPU 3 is released, and the lock of the run 
queue of the CPU3 is again acquired for the task 420 after the 
lock of the run queue of the CPU3 for the task 410 is released. 
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0012. Meanwhile, when the scheduler schedules the task 
430 of the run queue of the CPU 3, the lock of the run queue 
of the CPU 3 is already acquired for the tasks 410 and 420, 
and thus the task 430 should wait in operation 450 until the 
lock of the run queue of the CPU3 is released. After the lock 
for the task 420 is released, the lock for the task 430 is 
acquired, and thus the task 430 is scheduled. Thus, in the load 
balancing method in a conventional multi-processor System, 
the scheduler waits for a long time due to contention to 
preoccupy a run queue, that is, contention to acquire a lock of 
a run queue. Accordingly, performance of the multi-processor 
system deteriorates, and response time of each task is remark 
ably delayed. Specifically, such a delay in the response time 
has a negative impact on guaranteeing of an immediate 
response in a real-time operating system, Such as an embed 
ded system. 

SUMMARY OF THE INVENTION 

0013 The present invention provides a load balancing 
method and a load balancing apparatus, which prevents a 
delay in response time of each of a plurality of tasks that occur 
by blocking a run queue of a processor by migrating a task 
when load imbalance occurs in a multi-processor System, and 
Solves a problem of a long waiting time of a scheduler due to 
the delay in response time and poor performance of the entire 
operating system. 
0014. According to an aspect of the present invention, 
there is provided a load balancing method, including: (a) 
selecting at least two processors based on a load between a 
plurality of processors; (b) migrating a predetermined task 
stored in a run queue of a first processor to a migration queue 
of a second processor, from among the selected processors; 
and (c) migrating the predetermined task stored in the migra 
tion queue of the second processor to a run queue of the 
second processor. 
0015. According to another aspect of the present inven 

tion, there is provided a computer readable recording medium 
having recorded thereon a program for executing the method 
of above. 

0016. According to another aspect of the present inven 
tion, there is provided a symmetric multi-processor System, 
including: a plurality of processors; a scheduler, which 
selects at least two processors based on loads of the plurality 
of processors; a run queue of a first processor from among the 
selected two processors, which stores tasks to be performed 
by the first processor, a run queue of a second processor, from 
among the selected two processors, which stores tasks to be 
performed by the second processor, and a migration queue of 
the second processor, which stores tasks migrated from the 
run queue of a processor other than the second processor, 
wherein the scheduler migrates a predetermined task stored in 
the run queue of the first processor to the migration queue of 
the second processor, and migrates the task stored in the 
migration queue of the second processor to the run queue of 
the second processor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0017. The above and other features and advantages of the 
present invention will become more apparent by describing in 
detail exemplary embodiments thereof with reference to the 
attached drawings in which: 
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0018 FIG. 1 is a diagram illustrating a load balancing 
apparatus in a conventional symmetric multi-processor sys 
tem; 
0019 FIG. 2 is a flowchart illustrating a load balancing 
method in a conventional symmetric multi-processor System; 
0020 FIG. 3 is a flowchart illustrating a method of sched 
uling load balancing in a conventional symmetric multi-pro 
cessor System; 
0021 FIG. 4 is a diagram illustrating a sequence of per 
forming tasks according to time while migrating the tasks in 
a conventional symmetric multi-processor system; 
0022 FIG. 5 is a diagram illustrating a symmetric multi 
processor system according to an embodiment of the present 
invention; 
0023 FIG. 6 is a diagram illustrating a load balancing 
apparatus using a migration queue in a symmetric multi 
processor system according to an embodiment of the present 
invention; 
0024 FIG. 7 is a flowchart illustrating a load balancing 
method using a migration queue in a symmetric multi-pro 
cessor system according to an embodiment of the present 
invention; 
0025 FIG. 8 is a flowchart illustrating a method of sched 
uling load balancing by using a migration queue in a sym 
metric multi-processor System according to an embodiment 
of the present invention; and 
0026 FIG. 9 is a diagram illustrating a sequence of per 
forming tasks according to time while migrating the tasks by 
using a migration queue in a symmetric multi-processor sys 
tem according to an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. Hereinafter, the present invention will be described 
more fully with reference to the accompanying drawings, in 
which exemplary embodiments of the invention are shown. 
0028 FIG. 5 is a diagram illustrating a symmetric multi 
processor system according to an embodiment of the present 
invention. 
0029 Referring to FIG. 5, the symmetric multi-processor 
system according to the current embodiment of the present 
invention includes a multi-processor 510, a memory 520, a 
scheduler 530, and a bus 540. The symmetric multi-processor 
system illustrated in FIG. 5 is the simplest drawing for 
describing the current embodiment, and it will be obvious to 
one of ordinary skill in the art that other elements can be 
included, such as a disc device and input/output device. Also, 
FIG. 5 is a conceptual diagram illustrating the elements 
according to their functions, and thus may differ from a physi 
cal hardware configuration. 
0030 The multi-processor 510 includes a plurality of cen 

tral processing units (CPUs) performing tasks Stored in the 
memory 520. The memory 520 is an operating space for the 
CPUs to process the tasks, and is loaded with various pro 
grams and tasks of an operating system. Also, the memory 
520 includes run queues, in which tasks to be performed by 
the CPUs are stored correspondingly to each CPU. In the 
current embodiment, one run queue corresponds to one CPU. 
Moreover, the memory 520 includes migration queues corre 
sponding to each of the run queues. Unlike conventional load 
balancing, where a task directly moved from a source run 
queue to a target run queue, a migration queue is a queue 
which stores a task that is migrating from the Source run 
queue. In other words, the migration queue migrates and 
stores a task from a run queue of a CPU other than its own 
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CPU. For example, in FIG. 5, when a CPU 1 corresponds to a 
run queue 1 and a migration queue 1, and a CPU 2 corre 
sponds to a run queue 2 and a migration queue 2, the migra 
tion queue 1 can migrate and store a task from the run queue 
2 of the CPU2 or a run queue 3 of a CPU3, instead of the CPU 
1 

0031. The scheduler 530 schedules various tasks of the 
symmetric multi-processor system and Supplies the sched 
uled tasks to resources that require tasks. Generally, a sched 
uler means a CPU scheduler, which assigns tasks stored in run 
queues of a memory to a corresponding CPU according to a 
predetermined scheduling policy, or a task Scheduler, which 
loads required programs in the memory 520 from a storage 
device. Such as a disc device (not shown). In the current 
embodiment, a CPU scheduler is described, and it is referred 
to as a scheduler for convenience. The scheduler 530 accord 
ing to the current embodiment of the present invention 
migrates a task from a run queue of a predetermined CPU to 
a migration queue of another CPU through the bus 540 when 
a load imbalance occurs in the symmetric multi-processor 
system. Also, the scheduler 530 selects tasks stored in run 
queues according to a predetermined scheduling policy and 
assigns the tasks in CPUs. Regarding the predetermined 
scheduling policy, various scheduling methods Supported in a 
general operating system are well known, Such as a schedul 
ing policy according to priority, and thus details thereof will 
be omitted herein. 
0032 Assigning a task to a CPU, acquiring a lock of a run 
queue, releasing the lock, and migrating a taskin an operating 
system are performed by the scheduler 530, and accordingly, 
it is well known to one of ordinary skill in the art that opera 
tions described herein are performed by the scheduler 530, 
even if a Subject of performing the operations is not specifi 
cally mentioned. Also, a migration queue is also a type of 
queue managed by the memory 520, and thus a lock of the 
migration queue is acquired and released by the scheduler 
530, and a task is stored or migrated in the migration queue by 
the Scheduler 530. 
0033 FIG. 6 is a diagram illustrating a load balancing 
apparatus using a migration queue in a symmetric multi 
processor system according to an embodiment of the present 
invention. For convenience, two CPUs 610 and 620 are illus 
trated. The CPUs 610 and 620 respectively include run 
queues 611 and 621, in which a task to be performed, and 
migration queues 612 and 622, which respectively corre 
spond to the run queues 611 and 621. 
0034 Referring to FIG. 6, load balancing processes are 
achieved by a migration process 630, where tasks from a run 
queue 611 of the CPU 610, which has a heavy load with 5 
tasks, to a migration queue 622 of the CPU 620, which has a 
relatively light load with 2 tasks. Here, run queues 611 and 
621, and migration queues 612 and 622 may be objects hav 
ing a mutual exclusion characteristic, where simultaneous use 
of one resource by a plurality of tasks is excluded, Such as 
mutexes described above with reference to FIG. 1. Accord 
ingly, similar to FIG. 1, locks of two queues, which are a 
starting point and an arriving point related to migrating a task, 
should be acquired and released. In other words, before 
migrating a predetermined task, the locks of the queues are 
acquired, and after the task is migrated, the locks of the 
queues are released in order to guarantee integrity of the 
queues. 
0035) Detailed processes of acquiring and releasing a lock 
will now be described with reference to FIG.3. First, locks of 
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the run queue 611 of the CPU 610 and the migration queue 
622 of the CPU 620 are acquired, a task 3 is migrated from the 
run queue 611 of the CPU 610 to the migration queue 622 of 
the CPU 620 in the migration process 630, and finally, the 
locks of the run queue 611 of the CPU 610 and the migration 
queue 622 of the CPU 620 are released. 
0036. In the above processes, the task 3 stored in the 
migration queue 622 of the CPU 620 has only been migrated, 
and is not performed by the CPU 620. Only when the task 3. 
stored in the migration queue 622, is transmitted to the run 
queue 621, which corresponds to the migration queue 622, 
can the task 3 be scheduled by a scheduler. Accordingly, a 
migration process 640, wherein the task 3, stored in the 
migration queue 622, is migrated to the run queue 621 is 
required, and locks of the migration queue 622 and the run 
queue 621 are acquired and released, like in the migration 
process 630. In detail, first, the locks of the migration queue 
622 and the run queue 621 of the CPU 620 are acquired, the 
task 3 is migrated from the migration queue 622 to the run 
queue 621 in the migration process 640, and finally, the locks 
of the migration queue 622 and the run queue 621 of the CPU 
620 are released. 
0037. Meanwhile, when a task is migrated from a migra 
tion queue to a run queue in the same CPU, such as in the 
migration process 640, a problem of mutual exclusion should 
be solved in case the scheduler is going to schedule the run 
queue 621 of the CPU 620 in order to perform a task in the 
CPU 620. That is, when a scheduling process of migrating the 
task3 to the run queue 621 of the CPU 620 and a scheduling 
process of assigning a task to the CPU 620 contend in order to 
occupy a resource (the run queue 621 of the CPU 620), wait 
and delay of the scheduling processes should be adjusted. 
0038 Accordingly, before migrating the task 3 from the 
migration queue 622 to the run queue 621, it may be checked 
whether the scheduler can acquire permission to use the 
migration queue 622. If the scheduler cannot acquire permis 
Sion, the scheduler may wait until the migration queue 622 is 
not used by another scheduling process or a task, or may not 
wait. 

0039. If the scheduler does not wait, the scheduler may 
migrate the task 3 from the migration queue 622 to the run 
queue 621 during a following scheduling process when the 
migration queue 622 is not used. In other words, the scheduler 
does not migrate the task 3 from the migration queue 622 to 
the run queue 621 but instead, only schedules the run queue 
621. Here, it can be checked whether the migration queue 622 
is being used by checking whether the lock of the migration 
queue 622 is acquired by another scheduling process or to 
perform another task. Since the scheduler is executed peri 
odically according to a predetermined policy or when the 
schedulersatisfies a certain condition, the scheduler migrates 
a predetermined task when the scheduler can use the migra 
tion queue 622. Accordingly, the scheduler does not wait for 
the migration queue 622, and thus a delay in scheduling the 
run queue 621 can be prevented. 
0040 FIG. 7 is a flowchart illustrating a load balancing 
method using a migration queue in a symmetric multi-pro 
cessor system according to an embodiment of the present 
invention. 
0041 According to the load balancing method, a sched 
uler checks whether a load imbalance has occurred in opera 
tion 701. If the load imbalance has not occurred, the load 
balancing method ends, but if the load imbalance has 
occurred, operation 702 is performed. 
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0042. In operation 702, the scheduler selects a first CPU, a 
second CPU, and a task to be migrated. In other words, target 
CPUs and a task to be migrated are selected in order to 
distribute the task from a CPU, which has a heavy load with 
numerous tasks stored in a run queue, to another CPU, which 
has a light load with few tasks. 
0043. The scheduler tries to acquire a lock of a run queue 
of the first CPU in operation 703. If the lock of the run queue 
of the first CPU is not acquired because the run queue of the 
first CPU is occupied by another scheduling process, the 
scheduler waits until the lock of the run queue of the first CPU 
is released. Similarly, the scheduler tries to acquire a lock of 
a migration queue of the second CPU in operation 704. If the 
lock of the migration queue of the second CPU is not 
acquired, the scheduler waits until it is released. If both locks 
are acquired, operation 705 is performed. 
0044) The scheduler migrates a predetermined task from 
the run queue of the first CPU to the migration queue of the 
second CPU in operation 705, and releases the locks of the 
migration queue of the second CPU and of the run queue of 
the first CPU respectively in operations 706 and 707. The 
operations of the load balancing method are equal to the load 
balancing processes described above with reference to FIG. 6, 
and thus detailed descriptions thereof will be omitted here. 
0045 Meanwhile, the scheduler can perform scheduling 
while migrating a task between CPUs. FIG. 8 is a flowchart 
illustrating a method of scheduling load balancing by using a 
migration queue in a symmetric multi-processor system 
according to an embodiment of the present invention. 
0046. The scheduler tries to acquire a lock of a run queue 
of a second CPU in operation 801. If the lock of the run queue 
of the second CPU is not acquired since the run queue of the 
second CPU is already occupied by another scheduling pro 
cess, the scheduler waits until the lock of the run queue of the 
second CPU is released. If the lock of the run queue of the 
second CPU is acquired, operation 802 is performed. 
0047. The scheduler tries to acquire a lock of a migration 
queue of the second CPU in operation 802. If the lock of the 
migration queue of the second CPU is not acquired, the 
scheduler waits in operation 809 until it is released. If the lock 
of the migration queue of the second CPU is acquired, opera 
tion 803 is performed. 
0048 Meanwhile, regarding operation 809, it is assumed 
that a process of migrating the task from the migration queue 
of the second CPU to the run queue of the second CPU and a 
process of scheduling the run queue of the second CPU in 
order to execute the task in the second CPU contend. In this 
case, as described in FIG. 6, it can be checked whether the 
lock of the migration queue of the second CPU has already 
been acquired. If the migration queue of the second CPU is 
re-occupied, the scheduler can wait until the lock of the 
migration queue of the second CPU is released (operation 
809), or as described in FIG. 6, the scheduler may schedule 
the run queue of the second CPU without standing by. If the 
scheduler does not wait, the scheduler checks again whether 
the lock of the migration queue of the second CPU is acquired 
in a following scheduling process, and if the lock of the 
migration queue of the second CPU is not acquired, operation 
803 is performed. Accordingly, a delay in scheduling the run 
queue of the second CPU, that may occur due to contention of 
the run queue of the second CPU, can be avoided. 
0049. The scheduler checks whether there is a task in the 
migration queue of the second CPU in operation 803. If there 
is no task in the migration queue of the second CPU, opera 
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tion 806 is performed in order to schedule the run queue of the 
second CPU, without migrating a task from the migration 
queue to the run queue of the second CPU. If there is a task in 
the migration queue of the second CPU, operation 804 is 
performed in order to migrate the task. 
0050. The scheduler migrates the predetermined task from 
the migration queue of the second CPU to the run queue of the 
second CPU in operation 804. The lock of the migration 
queue of the second CPU is released in operation 805, a next 
task to be performed is selected in operation 806, and the lock 
of the run queue of the second CPU is released in operation 
807. Finally, context switching for the task stored in the run 
queue of the second CPU is performed in operation 808, and 
the second CPU performs the switched task. 
0051 FIG. 9 is a diagram illustrating a sequence of per 
forming tasks according to time while migrating the tasks by 
using a migration queue in a symmetric multi-processor sys 
tem according to an embodiment of the present invention. 
Similarly to FIG. 4, it is assumed that a task 910, a task 920, 
and a task 930 are respectively assigned to a CPU 1, a CPU 2, 
and a CPU 3, wherein the task 930 has the lightest load. 
0052. As assumed above, if the load imbalance occurs, the 
scheduler decides to migrate the task 910 from the CPU 1 to 
the CPU3. First, a lock of a run queue of the CPU 1, in which 
the task 910 is stored, is acquired. Then, unlike in FIG. 4, 
where the lock of the run queue of the CPU 3, to which the 
task is to be migrated, is acquired, the current embodiment 
acquires a lock of a migration queue of the CPU 3. Here, the 
scheduler determines to migrate the task 920 from the CPU2 
to the CPU3. Similar to the case of the task 910, a lock of a run 
queue of the CPU 2, in which the task 920 is stored, is 
acquired, and then an attempt is made to acquire a lock of a 
migration queue of the CPU 3, to which the task 920 is to be 
migrated. However, the lock of the migration queue of the 
CPU 3 is already acquired for the task 910, when the sched 
uler tries to acquire the lock of the migration queue of the 
CPU3 for the task 920. Accordingly, the task 920 should wait 
in operation 940 until the lock of the migration queue of the 
CPU 3 is released. Only when the lock for the task 910 is 
released, can the lock for the task 920 be acquired. 
0053. The load balancing method using a migration queue 
in the symmetric multi-processor system according to the 
present invention differs from a conventional load balancing 
method when the scheduler tries to acquire the lock of the run 
queue of the CPU 3 and simultaneously migrates a predeter 
mined task to the migration queue of the CPU 3 from the run 
queue of the CPU 1 or CPU 2. In FIG. 9, the scheduler can 
perform scheduling 1 for the run queue of the CPU 3, irre 
spective of the migration of the tasks 910 and 920, which are 
respectively assigned to the CPUs 1 and 2, to the migration 
queue of the CPU 3. This is because the lock of the run queue 
of the CPU3 is not acquired by the migration of the task 910 
and 920. That is, since only the lock of the migration queue of 
the CPU 3 is acquired while migrating a task, the scheduler 
can acquire the lock of the run queue of the CPU3 and freely 
perform the scheduling 1. 
0054. In detail, the scheduling 1 starts to be performed for 
the run queue of the CPU 3, in which the task 930 is stored. 
The scheduler acquires the lock of the run queue of the CPU 
3, and selects a next task to be performed. Here, a subject to 
perform a task is the CPU 3. When the next task is selected, 
the lock of the run queue of the CPU3 is released, and context 
Switching, where a task that is currently being performed in 
the CPU 3 and the selected next task are switched, is per 
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formed. Accordingly, the scheduling 1 ends. Referring to the 
scheduling 1 of FIG. 9, it can be seen that operation 450 of 
FIG. 4, wherein the scheduler waits until the lock of the run 
queue of the CPU 3 is released, does not exist. Thus, the 
scheduler can perform Scheduling without any delay by using 
the load balancing method using a migration queue. Accord 
ingly, the CPU 3 can immediately perform a task selected 
according to a scheduling policy without delay. 
0055 Meanwhile, the tasks 910 and 920 stored in the 
migration queue of the CPU 3 cannot be assigned to the CPU 
3 by the scheduler, and thus should be migrated to the run 
queue of the CPU 3, so as to be scheduled by the scheduler 
with other tasks. In FIG.9, when the tasks 910 and 920 stored 
in the migration queue of the CPU3 are to be migrated to the 
run queue of the CPU 3, the lock of the run queue of the CPU 
3 is acquired first, and then the lock of the migration queue of 
the CPU 3 is acquired. At this time, like in the case of the 
mutual exclusion for contention as described with reference 
to FIG. 6, it may be checked whether the lock of the migration 
queue of the CPU 3 is already acquired. In FIG. 9, it can be 
seen that the task 920 has been migrated to the migration 
queue of the CPU3 from the run queue of the CPU 2, and the 
lock of the migration queue of the CPU3 for the task 920 has 
been released before starting scheduling 2. Accordingly, 
when the scheduling 2 starts, the lock of the migration queue 
of the CPU 3 is acquired, and the tasks 910 and 920 in the 
migration queue of the CPU3 migrates to the run queue of the 
CPU3 in operation 950 by the scheduler. Then, the lock of the 
migration queue of the CPU 3 is released, a next task to be 
performed is selected, and then the lock of the run queue of 
the CPU 3 is released. Finally, the scheduling 2 ends by 
performing context Switching. 
0056. In FIG.9, it is preferable to migrate all tasks 910 and 
920 in the migration queue of the CPU 3 to the run queue of 
the CPU 3 in operation 950. In FIG. 4, the lock of the run 
queue of the CPU3 is acquired twice when the tasks respec 
tively migrate from the run queues of the CPUs 1 and 2 to the 
run queue of the CPU 3. However, in FIG.9, the lock of the 
run queue of the CPU3 is acquired once by migrating all tasks 
910 and 920 in the migration queue of the CPU 3 to the run 
queue of the CPU3 in operation 950. When there are 10 CPUs 
to migrate tasks for load balancing, the lock of the run queue 
of the CPU 3 is acquired ten times according to the embodi 
ment of FIG. 4, but is acquired only once according to the 
embodiment of FIG.9. Accordingly, a delay time required to 
schedule the run queue of the CPU 3 is remarkably reduced. 
0057. In order to prevent a delay in response time of each 
of a plurality of tasks that occur by blocking a run queue of a 
processor by migrating a task when load imbalance occurs in 
a conventional symmetric multi-processor system, and solve 
a problem of a long waiting time of a scheduler due to the 
delay in response time, a predetermined task is migrated to a 
migration queue instead of a run queue, and then the prede 
termined task is migrated to a run queue corresponding to the 
migration queue when the migration queue is not blocked by 
another task. Accordingly, in the load balancing method and 
the load balancing apparatus of the present invention, the run 
queue of the processor is not blocked while migrating the task 
and an immediate response is possible. Consequently, a wait 
ing time of the scheduler reduces, and the scheduler can 
speedily perform the context Switching, and thus overhead of 
the entire operating system decreases and real-time process 
ing in an embedded system is strongly guaranteed by quickly 
Switching tasks. 
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0.058 While the present invention has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood by those of ordinary skill 
in the art that various changes in form and details may be 
made therein without departing from the spirit and scope of 
the present invention as defined by the following claims. 
What is claimed is: 
1. A load balancing method, comprising: 
(a) selecting at least two processors based on a load 

between a plurality of processors; 
(b) migrating a predetermined task stored in a run queue of 

a first processor to a migration queue of a second pro 
cessor, from among the selected processors; and 

(c) migrating the predetermined task stored in the migra 
tion queue of the second processor to a run queue of the 
second processor. 

2. The load balancing method of claim 1, further compris 
1ng 

(d) acquiring a lock of the run queue of the second proces 
SOr, 

wherein, when the lock of the run queue of the second 
processor is acquired, operation (c) migrates all tasks 
stored in the migration queue of the second processor to 
the run queue of the second processor, and 

when operation (c) is completed, the method further com 
prising (e) releasing the lock of the run queue of the 
second processor. 

3. The load balancing method of claim 2, further compris 
1ng 

(f) acquiring a lock of the migration queue of the second 
processor, 

wherein when the locks of operations (d) and (f) are 
acquired, operation (c) migrates all tasks stored in the 
migration queue of the second processor to the run 
queue of the second processor, and 

when operation (c) is completed, the method further com 
prising (g) releasing the lock of the migration queue of 
the second processor. 

4. The load balancing method of claim 1, further compris 
1ng 

(h) acquiring a lock of the migration queue of the second 
processor, 

wherein when the lock of the migration queue of the second 
processor is acquired in operation (h), operation (b) 
migrates the predetermined task stored in the run queue 
of the first processor to the migration queue of the Sec 
ond processor, and when operation (b) is completed, the 
method further comprising (i) releasing the lock of the 
migration queue of the second processor. 

5. The load balancing method of claim 4, further compris 
1ng 

() acquiring a lock of the run queue of the first processor, 
wherein when the locks of operations (h) and A) are 

acquired, operation (b) migrates the predetermined task 
stored in the run queue of the first processor to the 
migration queue of the second processor, and 

when operation (b) is completed, the method further com 
prising (k) releasing the lock of the run queue of the first 
processor. 

6. The load balancing method of claim 1, further compris 
ing checking whether there is a task stored in the migration 
queue of the second processor, wherein operation (c) selec 
tively migrates the task stored in the migration queue of the 
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second processor to the run queue of the second processor 
according to a result of the checking. 

7. The load balancing method of claim 1, further compris 
ing checking whether a lock of the migration queue of the 
second processor, wherein operation (c) selectively migrates 
the task stored in the migration queue of the second processor 
to the run queue of the second processor according to a result 
of the checking. 

8. A computer readable recording medium having recorded 
thereon a program for executing the method of any one of 
claims 1 through 7. 

9. A symmetric multi-processor System, comprising: 
a plurality of processors; 
a scheduler, which selects at least two processors based on 

loads of the plurality of processors; 
a run queue of a first processor from among the selected 
two processors, which stores tasks to be performed by 
the first processor, 

a run queue of a second processor, from among the selected 
two processors, which stores tasks to be performed by 
the second processor, and 

a migration queue of the second processor, which stores 
tasks migrated from the run queue of a processor other 
than the second processor, 

wherein the scheduler migrates a predetermined task 
stored in the run queue of the first processor to the 
migration queue of the second processor, and migrates 
the task stored in the migration queue of the second 
processor to the run queue of the second processor. 

10. The symmetric multi-processor system of claim 9. 
wherein the scheduler acquires a lock of the run queue of the 
second processor, migrates all tasks stored in the migration 
queue of the second processor to the run queue of the second 
processor when the lock of the run queue of the second 
processor is acquired, and releases the lock of the run queue 
of the second processor when all the tasks are migrated from 
the migration queue of the second processor to the run queue 
of the second processor. 
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11. The symmetric multi-processor system of claim 10, 
wherein the scheduler acquires a lock of the migration queue 
of the second processor, migrates all tasks Stored in the migra 
tion queue of the second processor to the run queue of the 
second processor when the lock of the migration queue of the 
second processor is acquired, and releases the lock of the 
migration queue of the second processor when all the tasks 
are migrated from the migration queue of the second proces 
Sor to the run queue of the second processor. 

12. The symmetric multi-processor system of claim 9. 
wherein the scheduler acquires a lock of the migration queue 
of the second processor, migrates the predetermined task 
stored in the run queue of the first processor when the lock of 
the migration queue of the second processor is acquired, and 
releases the lock of the migration queue of the second pro 
cessor when the task is migrated from the run queue of the 
first processor to the migration queue of the second processor. 

13. The symmetric multi-processor system of claim 12, 
wherein the scheduler acquires a lock of the run queue of the 
first processor, migrates the task stored in the run queue of the 
first processor to the migration queue of the second processor 
when the locks of the run queue of the first processor and the 
migration queue of the second processor are acquired, and 
releases the lock of the run queue of the first processor when 
the task is migrated from the run queue of the first processor 
to the migration queue of the second processor. 

14. The symmetric multi-processor system of claim 9. 
wherein the scheduler checks whether there is a task stored in 
the migration queue of the second processor, and selectively 
migrates the task stored in the migration queue of the second 
processor to the run queue of the second processor based on a 
result of the checking. 

15. The symmetric multi-processor system of claim 9. 
wherein the scheduler checks whether a lock of the migration 
queue of the second processor can be acquired, and selec 
tively migrates the task stored in the migration queue of the 
second processor to the run queue of the second processor 
based on a result of the checking. 
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